The isovolumic relaxation phase and the early and late filling phases of diastole, as assessed by Doppler echocardiography, are importantly and independently affected by aging. Hence The spectral display was obtained by electronic fastFourier transform analysis of the Doppler signal, with sampling at 10 ms intervals and division of the signal into 128 frequency bins. The flow velocity profile was displayed as a waveform composed of small individual grey and black blocks that appeared simultaneously on a monitor with the lead II electrocardiogram and a phonocardiogram and was recorded on a strip-chart recorder at a paper speed of 100 mm/second. The setting of the instrument was adjusted to use the lowest possible filters.
The Doppler recordings were obtained during quiet respiration with the subject in a lateral recumbent position. The transducer was positioned at or slightly to the left of the cardiac apical impulse, and was oriented to obtain an apical four chamber view of the heart that gave good visualisation of the left ventricular cavity and maximal excursion of the mitral valve leaflets. The cursor line was directed through a plane traversing the left ventricle from the apex to the mitral valve annulus. The angle between the presumed direction of the diastolic blood flow and the orientation of the ultrasound beam (cursor) was estimated to be zero or < 200 in each subject. The sample volume was placed in the inflow area of the left ventricle, about 1 cm from the mitral valve annulus (fig 1) , and the position of the sample along the cursor line was adjusted until the maximal diastolic flow velocities were recorded and the graphic quality of the Doppler waveform was most clearly defined.
QUANTITATIVE ASSESSMENT OF DIASTOLIC FLOW VELOCITY WAVEFORM
In each subject we chose for analysis three cardiac cycles with the most clearly defined flow velocity waveform and the steepest descent of flow velocity in early diastole. Left ventricular diastolic flow velocity waveforms from the three cardiac cycles were measured and the values were averaged for (figure 2a) (a) time interval from the first positive deflection of the aortic closing component of the second heart sound to the onset of the diastolic flow velocity waveform (A2-D), a measure of the duration of isovolumic relaxation8; (b) duration of the early diastolic peak of flow velocity defined as the time interval from the onset of this peak to the time when flow velocity returned to baseline (D-F); (c) rate of decrease (deceleration) of flow velocity in early diastole (EF) calculated as the ratio E-E' to E'-F; (d) maximal early diastolic flow velocity measured as the height of the early diastolic peak of flow velocity (E); (e) maximal late diastolic flow velocity (which is due to atrial contraction) measured as the height of the Spirito, Maron between the maximal early and late diastolic flow velocities (E:A).
Because the flow velocity waveform is displayed as a grey scale line ofvariable thickness, the points D, E, and A on the flow velocity contour were identified as the midpoints of the grey scale spectrum. The slope EF was defined by the construction of a straight line that passed through the midportion of the grey scale spectrum and corresponded to the descent of the early diastolic flow velocity peak. When the slope EF was curved rather than straight, EF was constructed as the line that identified the maximal incline of the slope.58 Because the contour of the flow velocity waveforms often shows a wide spectral spread at the end of the early flow velocity peak (point F on fig 2a) , this point was identified as the intersection between the line of the descent of the early diastolic flow velocity peak and the baseline of the peak.58 At rapid heart rates (over about 90 beats/minute) the flow velocity curve does not return to baseline between the E and A peaks. In our subjects, however, the highest heart rate was 73 beats/minute; thus all flow velocity curves analysed as part of this study returned to baseline at point F.
Reproducibility of these Doppler diastolic indexes has been shown to be satisfactory with a relatively low intraobserver and interobserver variability. (fig 3) . Conversely, maximal early diastolic flow velocity, the rate of decrease (deceleration) of flow velocity in early diastole, and the ratio between the maximal early and late diastolic flow velocities decreased with age ( fig 4) . The duration of the early diastolic peak of flow velocity did not show a linear relation with age. Table 1 gives the values of the correlation coefficients of the regressions and their statistical significance. (table 2 and fig 2) . Isovolumic relaxation * time was longer in the older subjects (84 (12) ms) than in the younger subjects (72 (12) ms; p < 0-001), and was also longer in the intermediate (80 (12) ms) age group than the younger age group (p < 0-01) ( fig 5) . Furthermore, the rate of decrease (deceleration) of flow velocity in early diastole was lower in the older subjects (4-2 (1 -2) m/s') than in the younger subjects (5-5 (1-2) m/s'; p < 0-001), and it was also lower in the r=0-69 intermediate (47 (1-1) m/s') age group than the pco-00l younger age group (p < 0-01) ( fig 6) . The ratio between the maximal early and late diastolic flow velocities was also lower in the older subjects (1-2 -r--,-,-~(04) than in either the intermediate (2-0 (0-6); p < 60 70 80 0-002) or the younger subjects (2.7 (0-7); p < 0-001) (fig 7) . A ratio of < 1 was identified in five (28%) of late diastolic the 18 subjects who were 50 years of age or older, whereas this ratio was > 1 in each of the 68 study subjects who were younger than 50 (p < 0-001).
Heart rate was lower in the younger individuals (56 (7) beats/minute) than in the older ones (61 (6) In conclusion, our findings indicate that the Doppler left ventricular diastolic waveform is altered substantially by aging, and that age is an independent determinant of most indexes of left ventricular diastolic flow velocity. Thus the effects of age should be considered when the normal limits for Doppler indices of left ventricular diastolic function are defined.
